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FO_ORD

This document is an informal report submitted to Langley

Research Center, the NASA, in cc_pllance with request to

provide launch vehicle data on the Titan family of boosters.

The data is purposely prepared for use in defining campatible

manned lifting body entry vehicles to be studied for space

use potential.
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I. IN_RODUCTION

r

The Titan HI family of launch vehicles offers a vide range of payload

weight capabilJty to the near earth orbits for mlnlm_ eo_t. This report

summarizes the performance and certaln system design features for those

configurations which the Martin Company believes would be of greatest

benefit to the ]Iftlng b<_y research and development study being conducted

under the d[reetlon of _SA's I_nzley Research Center.

In FreparJng this document, we have not limited our analysis to the

Titan III hardware as it now exists for the R & D f]iF_ht test program.

Rather, we h_ve used confi_rations that are being assembled from Titan

III building blocks and which will be available for the time period

contemplated for the lifting body program. These configurations have all

of the capabilities and rellabilitles necessa_ i to carry out %h4 flight

test progr_nn.

The standard interface has been made as simple as possible to minimize

payload _ntegratlon cost. Fundamentally, the interface concept is based on

maximum isolation of booster and spacecr__ft functions. Primarily, the

interface reduces to one of mechanical mating, however, each specific

payload may also have other unique interface requirements.
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II CONFIGUPATIONS

Data for elght confi_Jratlons of launch vehicles evaluated within the

Titan III family are presented in _h[s report. Their body profile, general

arrangement, and prlneipal dimensions are shown in Figure i.

The eight configurations are identified with either of two groups --

those that are with trs_stage, I Group I (thus providing restart capability

for the Hohmann transfer), and_hose that are without transtage, Group I I.

The vehlcles %_thouttranstage are limited to establishing orbit by direct

injection. The Group II vehicles are externally identical to their counter-

part in Group Y in all Other respects except the interface is lowered by

approximately 12 feet to compensate for the omission of the transtage. Items

of guidance, control, and telemetry equipment that are located in transtage

for the Group I vehicle m_ssions, are located in the for%_rd compartment

of the second stage Just below the payload interface.

The configurations within each group are different as to their use of

and the number of solid segments comprising each solid strap-on motor (SF_4).

The minimum configuration of each group consists of a basic Titan III R & D _

core vehicle, without solids and with or without transtage. The____R& D core_ ._p

has been flown numerous times _n the course of the Titan I[I R & D program.

The remaining configurations within each group vary as to the use of a

pair of 2, 5, or 7 segment S_M's strapped to an uprated core vehicle.

The upratlng of the core vehicle consists of an increase in the Stage I

main engine expansion ratio and an increase in Step I tankage volume and

propellant load. These performance improvements are currently under development.

The transtage vehicle is standard for all Group I vehicles.
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SUP_h__AL DATA

Consideration is being given to a Titan III version that uses three-

segment solid rocket motors. This supplement includes this data by

replacing page 12, and by adding pages 12A and B (performance) and page 15A

(weights and thrust).

The second paragraph of page 4 indicates that minimum performance is

approximately 8% less than nominalo This ratio varies considerably

depending on the launch vehicle and orbit. In all cases, the difference

is based on a margin of 2_V* (ideal velocity).
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III. FERFO_ANCE

A- Fa_load and Veloc_uty Data

The orblt:_l performance capsbilitles fc_" the Titan iII family of

launch vehicles are presented her._, Figures 2 throug_h 6, consistent with

the configurations depicted in the preceding chapter and the system weig_hts

given in the following section of' this chapter. The data presented are

based on nominal propulsion parameters and system we_g_ts characteristic of

each vehicle configuration.

All performance values are guaranteed mlnlmums to circular orbits, both

by direct injection and the Hohmann transfer. All are based on a 106 ° la_mch

azimuth from ETR at sn inclination of 32o° The m_nlmum values reflect a

reduction of approximately 8% from nominal at I00 n.m.

Only direct inject values are given for the Group II vehicles, without

transtage, since they do not have restart capability.

Figure 2 shows the payload capability as a _+_unct_on of orbital altitude

for the minimum configuration of both Groups I and II (with and without

tramstage). The minimum configurations do not use solids and employ the

use of the Titan III R & D core vehicle. No velocity data is given for

these configurations.

Figures 3, }_, and 5 show payload weight as a function of orbital

altitude for the configurations using 2, 5, and 7 segment solids,

respectively, with transtage (group I) and an uprated core. Direct inject

capability is given for all altitudes ranging between 80 and 400 n.m. Payloads

for Hohmanm transfer are given for lOO, 200, 300, and i_O0 n.m. origins.

Figures 3A, 4A, and 5A show characteristic velocities versus payload weight
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A. Payload and Velocity Data (Continued)

for the corresponding Group I configurations, for perigee at altitudes of

80, I00, 200, 3C0, and 2_0 n.m. Transtage propellant loads have been

optimized throughout.

Figure 6 shows the payload weight capability versus orbital altitude

for the Group II configurations# without transtage but with uprated core,

using 2_ 53 or 7 segment solids flying direct inject missions.

B. Weights

Table I gives the weight summary for the configurations with transtage.

These weights are based on a transtage system which is approximately 800

pounds lighter than the system we are using for the R & D program. This

reduction is based on expected savings in the Instr _entatlon and guidance

areas.

Table II gives the weights for the configurations that do not use the

transtage. To make this possible, approximately 1000 pounds of equipment

has been transferred to Step II.

Table III gives the thrust values for the various stages at burnout

or at time of maximum acceleration.

13
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IV. SYSTEM DATA

The information in this chapter may be useful in identifying constraints

that may exist in interfacingthe lifting body system_rlth the Titan Ill.

A. Mechanical Interface snd Stmlctural Stren_h

Figure 7 shows the interface drawing for Joining the payload to the

Titan. The interface requires twenty-four 5/16" shear pins and eight

tension bolts. Thelnterface is the same for all configurations except

that the bolts are i" in diameter when mating is made directly to Step II,

while they are only 7/8" in diameter when mating is with the transtage.

The structural strength at the payload interface is given in terms of

an "Ultimate Equivalent Axial Load".

Pequiv - Paxlal + 2 x moment
R

Pequiv = Total axial equivalent load (campresslon)

Paxlal = Direct axial load due to thrust

Moment = Due to unsymmetrical winds, buffeting and gusts

R = Radius of the airframe (60 inches)

Titan III (with Transtage; interface at Station 77.0 or Station 63.5)

Pequlv = .84 x lO6 lbs. (ultimate)

Capability of One Longeron (total of 8 longerons and bolts)

Ultimate Compression is 105,000 lbs. (per longeron)

Ultimate Tension is 86,300 lbs. (per bolt)

Titan III (without Transtage; interface at Station 220.0)

Pequlv = 1.08 x l06 lbs. (ultimate)
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Capabiiity of One Longeron (total of 8 longerons and bolts)

Ultimate Compression is 135,000 lbs. (per longeron)

51tlmate Tension is 125,000 lbs. (per bolt)

B. Electrical Interface Data

The electrical interface can be somewhat flexible since it is a

function of spacecraft power and signal requirements. At the present time,

the interface between the payload and Titan is through a 16 pin connector.

Interface between payload and the planned uprated Titan is made through a

60 pin connector.

C. G & C S_stem Capability and Limitations

1. Basic Core Configuration - No control Stability problem exists

that would constrain the payload within stricter limitations than those

inherent in the payload weight limit and lifting body vehicle size

consistent with its weight.

2. Core With Transtage - The flight control system for the core with

trsmstage has the following limitations imposed pertinent to the payload:

a. Payload weight will be greater than 500 lbs.

b. The payload (including support truss) will have inertia

characteristics about its own c.g. equal to or greater than

pitch and yaw = 500 slug-ft2; roll = 100 slug-ft 2.

c. The lateral c.g. position during transtage operation will

not exceed a conical envelope emanating frc_ the equivalent

engine gimbal point of three degrees half angle (Figure 8). A
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reduced c.g. envelope may be re_ired to control some of the

large heavyvehicles.

3. Core With Strapped-On Solids - Op_:mtlon of the maximum vehicle

configuration is feasible with lifting body payloads within the constraints

of Figure 9. The limiting envelope beyond which bears the label "Autopilot

Constraints" is conservative since scme control system improvements have

been made and the curve was generated for the Titan III-C. Payloads outside

the constraint envelope may also be compatible but will require additional

Investlgatlon tosupport any commitments.

Long, large and heavy payloads may accentuate a hydraulic actuator-

structural bending mode coupling problem for Stage I or Stage If. Solution

of this problem may be possible by actuator improvement or change of

structural stiffness. If the core with strapped-onsolids has a transtage,

the constraints for the transtage as stated in Section B will still apply.

4. Properorientatlon Of the glider body is very important. The

resulting aerodynamic loads and controi requirements are very dependent on

selection of glider incidence angle.

5. Payload elasticity has an appreciable effect on the payload

compatibility envelope. With the possible thinness of a hypersonic re-entry

body, Cognizance of the pitching inertia properties and air frame stiffness

for pitching is emphasized, to contain loads and control requirements

within the capability limits. Caution is also mentioned in mln_mizlng

the trailer length when considering the large, in volume, and heavy lifting

body payloads.
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D. Design for Manned Missions

i. Desi_'Fhiloso_ - _le aspects of crew safety and its achievement

with payloads _haracterisLic of maimed lifting body vehicles, were given

due consideration during the Titan III design and development effort. Since

crew safety is highly dependent upon mission success, a high degree of
u

flight reliability has been the design goal throughout the system development

program. Provision of crew safety at all times poses a different set of

requirements with each unique payload. As a result, differences in types

of equipment installed and redundancies provided wiil prevail. Once a

payload is defined, the complete system can be integrated and its crew

safety and mission success potential can be ascertained. Inherent capability
=

of each is employed in providing the best integrated system.

2. Desisn Features q The laun.ch vehicle system design features, both

inherent and built-in, pertinent to crew safety and mission success are as

- [
follows:

Thrust termination capability is provided. In the case of the

S_4's, thrust is reduced to a very low level by bursting two

large frangible disks and venting chamber pressure forward.

The S_4's provide an inherently mild environment. By the nature

of solid propellants, a catastrophic explosion of the propellants

and an envelol:_ent of the entire system by a fireball, is precluded

•since combustion ii be greatly retarded in the event of a loss

Of pressure on structural break-up.

A safety factor o_-l.dwas applied_:to working loads derived frcm

conditions of environment encountered in flight such as aerody'n_Ic

and dynamic loads. A safety factor of 1.25 was applied to the well-

i
r

t
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-_ ., .-.

defined load forces .such as those due to engine thrust. Thes

ultimate loads are ec_nbined for design loads for body alrfr,_uc._S__ _

Desired flight reliability is achieved by providing redundan¢ ,--_-

in critical control systems s_h a5 _dance, rate gyro, auto _ " -_

hydraulic system, actuators, 8nd poW_s_._]tion. _;_---- _'-

Provision of real time displays of critical parameters to the --;--" _

flight crew and ground control (via telemetNy) for use in ab

decisions. ._i--
4m

Provision of a malfunction detection system (MDS) capable o['/

•. Monitoring vehicle parameters that would indicate potenti_q---C _
......... Y-_Y_--I,- ...... -_7 ---_i _ n_

catastrophic vehicle malfunc£ _O_- :..... ¢_:-: "

.................. L........... -

.. Initiating redundant system sw_tchover or _bort signal_.

.. Displaying currently controll_n5 system (for redundant

system).
+;-m<-_ _ _- -

•. Requiring a primary and independent confinning indica{ion

prior to initiating abort or switchover.
.@

• No single MDS malfunction will result in a false abort, loss of

abort sensing capability, loss of crew display or command, or .e

inadvertent switchover or failure to s%-itch. -.

Reduction to a minimum of failures with short warning times , ....... _v

"--;-C.....

Provision of an abort system to enable manned payload escap_

event of a detectable Potenti[g! _:_ta._'rophic malfunction w_-.

cannot be corrected.

..................• _- <,
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; .......In the evant emergency e_c_pe is not f_aslble durin_ a critical

flight period such as m_x_mum dynamic pressure, compensating

re_-_v/ancles to ensure mission success will be provided.

• It is a goal in the design and developmeut phases to produce

_-T_mn III launch vehicles for r_med missions with a flight

reliability of 0.97.


